Layered manganese oxide (birnessite) was prepared by oxidation of Mn(NO3)2 with H2O2 in NaOH solutions.
The interlayer cations can be exchanged with cations in external solutions and the properties of bimessite can be altered by intercalation. Birnessite is a potential cathode material for lithium ion batteries as manganese is an abundant resource. It can intercalate along the interlayer channels. It has been reported that a lithium intercalate has a high diffusion coefficient for Li+. [2] However, with repeated charge-discharge cycles, the interlayer distance changes and the crystal structure is deformed and finally destroyed. Zinc birnessite shows better charge-discharge cycle properties because Zn2+ ions act as pillars between the layers. [3] Intercalation with Bi3+ and Pb2+ improved the charge-discharge properties, presumably because the layers are bound more tightly than with Na+ owing to the much stronger attraction by multi-valent cations. [4, 5] It has been reported that intercalation of Ca2+ and Zn2+ also improved the charge-discharge performance for similar reasons as above. [6] There has been no report, however, (133) on intercalation of cations with variable, higher valencies.
In this investigation, the intercalation of vanadium ions with charges from 3+ to 5+ in birnessite was attempted with the expectation that the introduction of cations with higher valencies would improve the charge-discharge properties. Direct intercalation of Na-birnessite with vanadium cations, however, did not work, and the following indirect way of intercalating vanadium cations was used: Na-birnessite was firstly treated with a hydrochloric acid solution to obtain proton (H) birnessite. The H-birnessite was further treated with an n-propylamine solution to introduce propylammonium (PA) into the interlayer by acid-base reaction. The interlayer distance of PA-birnessite was large enough to intercalate even hydrated vanadium cations (V). The V-birnessite obtained was characterized by various methods and the reaction mechanism is discussed. 
PA-birnessite
In the preparation of PA-birnessite the acid and base reaction between H-birnessite and n-propylamine appears important because direct cation exchange reactions between Na-birnessite and n-propylammonium ions did not occur. All the XRD peaks could be indexed as a hexagonal form with the lattice parameters: a=0.28 nm and c=1.41 nm (Fig. 1, curve c) . The (001) peak at low angles and (110) peak at high angles indicate this material to be a layered compound. The (001) peak shifted to a low diffraction angle and the interlayer distance increased to 1.41 urn, which is twice that of H-birnessite. This expansion of the interlayer can be explained by the presence of propylammonium ions (0.75 nm) larger than water molecules. With exposure to the air the intensity of the (001) peak decreased, possibly because the intercalated propylammonium escapes as amine to the air. A chemical analysis of PA-birnessite was therefore impossible due to weight changes with time. The PA-birnessite finally returned to the H-birnessite and it did not intercaltae vanadium ions. The intercalation of vanadium ions into birnessite was carried out immediately after the preparation of PA-birnessite.
V-birnessite
The In this investigation the intercalation of V5+ ions into birnessite was accomplished. This intercalate is expected to show good charge-discharge properties as a battery material, and a battery test is under investigation. Table 2 Amounts of interlayer and structure waters
